Generation of free radicals from lipid hydroperoxides by Ni2+ in the presence of oligopeptides.
The generation of free radicals from lipid hydroperoxides by Ni2+ in the presence of several oligopeptides was investigated by electron spin resonance (ESR) utilizing 5,5-dimethyl-1-pyrroline N-oxide (DMPO) as a spin trap. Incubation of Ni2+ with cumene hydroperoxide or t-butyl hydroperoxide did not generate any detectable free radical. In the presence of glycylglycylhistidine (GlyGlyHis), however, Ni2+ generated cumene peroxyl (ROO.) radical from cumene hydroperoxide, with the free radical generation reaching its saturation level within about 3 min. The reaction was first order with respect to both cumene hydroperoxide and Ni2+. Similar results were obtained using t-butyl hydroperoxide, but the yield of t-butyl peroxyl radical generation was about 7-fold lower. Other histidine-containing oligopeptides such as beta-alanyl-L-histidine (carnosine), gamma-aminobutyryl-L-histidine (homocarnosine), and beta-alanyl-3-methyl-L-histidine (anserine) caused the generation of both cumene alkyl (R.) and cumene alkoxyl (RO.) radicals in the reaction of Ni2+ with cumene hydroperoxide. Similar results were obtained using t-butyl hydroperoxide. Glutathione also caused generation of R. and RO. radicals in the reaction of Ni2+ with cumene hydroperoxide but the yield was approximately 25-fold greater than that produced by the histidine-containing peptides, except GlyGlyHis. The ratio of DMPO/R. and DMPO/RO. produced with glutathione and cumene hydroperoxide was approximately 3:1. Essentially the same results were obtained using t-butyl hydroperoxide except that the ratio of DMPO/R. to DMPO/RO. was approximately 1:1. The free radical generation from cumene hydroperoxide reached its saturation level almost instantaneously while in the case of t-butyl hydroperoxide, the saturation level was reached in about 3 min. In the presence of oxidized glutathione, the Ni2+/cumene hydroperoxide system caused DMPO/.OH generation from DMPO without forming free hydroxyl radical. Since glutathione, carnosine, homocarnosine, and anserine are considered to be cellular antioxidants, the present work suggests that instead of protecting against oxidative damage, these oligopeptides may facilitate the Ni(2+)-mediated free radical generation and thus may participate in the mechanism(s) of Ni2+ toxicity and carcinogenicity.